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Tumor Margin Histology Predicts Tumor Aggressiveness in 
Papillary Thyroid Carcinoma: A Study of 514 Consecutive Patients 
Histologic patterns at tumor margins may be related to prognosis in several malignancies. 
We investigated tumor aggressiveness with respect to tumor margin histology in patients 
with papillary thyroid carcinoma (PTC). Five hundred fourteen consecutive patients who 
underwent surgery for primary PTC between January and July 2009 were assigned to two 
groups, one with an infiltrative pattern (I-type, n = 347) at tumor margins and one with 
an expanding pattern (E-type, n = 167). Tumor aggressiveness was assessed by analyzing 
relationships between these patterns and known prognostic factors. The analysis showed 
that unfavorable prognostic factors such as tumor multiplicity (P = 0.002), extrathyroidal 
extension (P < 0.001), lateral neck lymph node metastasis (P < 0.001) and advanced TNM 
stage (P = 0.001) were significantly more prevalent in patients with I-type PTC than in 
those with the E-type. Central neck node metastases were more prevalent without 
statistical significance in the I-type patients (P = 0.376). Tumor margin histology was not 
related to gender or tumor size. These results suggest that histologic patterns at tumor 
margins predict aggressiveness in PTC.
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ORIGINAL ARTICLE
Oncology & Hematology
INTRODUCTION
Incidence of thyroid cancer is rapidly increasing in Korea (1). 
Papillary thyroid carcinoma (PTC) is the most common malig-
nancy of the thyroid and most PTCs display relatively low ag-
gressiveness and have a favorable prognosis. Prognostic factors 
in PTC include age, tumor size, extrathyroidal extension, lymph 
node metastases, and distant metastases (2-4). Tumor multi-
plicity and coexisting lymphocytic thyroiditis may also influ-
ence the prognosis (5-11), and some PTC variants show char-
acteristic behaviors. Warthin-like variants, for instance, have a 
favorable prognosis, while tall cell and columnar variants have 
a less favorable prognosis than typical PTCs (12-15).
  Histologic patterns of growth into surrounding stroma char-
acterize the margins of primary tumors as expanding (pushing) 
or infiltrative (invasive). To our knowledge, however, the prog-
nostic significance of tumor margin histology in patients with 
PTC has not been determined. For this purpose, we assessed 
PTC aggressiveness from relationships between growth pat-
terns at tumor margins and factors known to influence the 
prognosis of PTC patients.
MATERIALS AND METHODS
Patients
Of the 762 patients who underwent surgery for thyroid cancer 
at Thyroid Cancer Center, Gangnam Severance Hospital, Yon-
sei University College of Medicine, between January and July 
2009, we enrolled 514 (67.5%) for this study. Patients with re-
current or persistent PTC, those who underwent less than total 
thyroidectomy were excluded. During histological review, pa-
tients with specific PTC variants (follicular, diffuse sclerosing, 
columnar variants, etc.) or encapsulated PTCs were also ex-
cluded; therefore only classical papillary carcinoma patients 
were enrolled in study. While central compartment node dis-
sections were performed prophylactically, lateral neck dissec-
tions were performed in patients with clinically proven lateral 
node metastases. Medical records and pathology reports of pa-
tients were retrospectively reviewed. 
Histologic classification of tumor margins and 
clinicopathologic features
The histology of tumor margins were reviewed by an experi-
enced endocrine pathologist. Microscopic examinations were 
performed using formalin-fixed, paraffin embedded tissue sec-
tions routinely hematoxylin-eosin stained and assessed at a × 
40 and 100 magnification. Tumor margin was defined as the 
‘transition zone’ between the periphery of tumor and normal 
thyroid stroma. When the features of tumor margin met the fol-
lowing conditions that 1) well-circumscribed and smooth-
pushing border around whole tumor, 2) continuous tumor 
contour with no pointed portion, and 3) tumor invading normal Kim K-J, et al.  •  Tumor Margin Histology in Papillary Thyroid Carcinoma
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stroma with broad front, they were classified into E-type (ex-
panding type) (Fig. 1). Whereas, the tumor margins that con-
tained the features like 1) uneven and irregular shaped border, 
2) presence of spiculated/pointed portion(s) around tumor, and 
3) penetration or dissection of normal stroma by tumor cells 
were classified into I-type (infiltrative type) (Fig. 2). All 514 PTC 
patients were classified into one of these two groups.
  Risk factors, including patient age and gender, size of the pri-
mary tumor, tumor multiplicity, extrathyroidal extension, coex-
istence of lymphocytic thyroiditis, and metastasis to central 
and/or lateral neck lymph nodes, were compared between pa-
tients with E-type margins and those with the I-type. This com-
parison was also performed for patients with papillary thyroid 
microcarcinoma (PTMC) (primary tumor size ≤ 1 cm). The dis-
tribution of margin types in relation to TNM stage was also 
evaluated (4).
Statistical analysis
The independent t-test, the Mann-Whitney U test and the che-
square test were used to compare clinicopathologic features be-
Fig. 1. Papillary thyroid carcinoma (PTC) with expanding margins (E-type). (A, C, D) PTCs show pushing growth pattern (arrows). No infiltrative portions are identified. (B) 
Magnification of the squared portion in A (H&E, Magnifications: A and C, × 40; B and D, × 100).
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tween patients with the two margin types. A P value < 0.05 was 
considered statistically significant.
Ethics statement
The Institutional Review Board of Gangnam Severance Hospi-
tal, Yonsei University College of Medicine approved this study 
protocol (3-20090128). Waiver of informed consent was ap-
proved. 
Fig. 2. Papillary thyroid carcinomas (PTC) with infiltrative margins (I-type). (A, B) PTC with extrathyroidal extension (arrowhead). Infiltrative growths into surrounding normal paren-
chyma are identified (arrows). (C, D) PTC show diffuse, infiltrative margin between tumor and normal parenchyma (arrows). (H&E, Magnifications: A and C, × 40; B and D, × 100). 
A B
C D
RESULTS
Mean age of the patients was 47.6 yr (47.6 ± 11.2) and the male 
to female ratio was 1:5.2 (83:431). There were 167 patients with 
E-type margins and 347 with I-type margins. All patients under-
went total thyroidectomy with central neck node dissection. In 
addition, 64 patients underwent lateral neck dissection, includ-
ing 58 patients with unilateral and 6 with bilateral neck dissec-
tion. No patients showed distant metastases in preoperative 
evaluation. The mean age of patients with I-type PTCs was sig-Kim K-J, et al.  •  Tumor Margin Histology in Papillary Thyroid Carcinoma
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Table 1. Relationships between tumor margin type and clinicopathologic factors (N = 
514)
Variables E-type (n = 167) I-type (n = 347) P value
Age (yr) 49.4 ± 11.5 46.7 ± 11.0 0.009
Gender 
   Male
   Female
 
  29 (17.4%)
138 (82.6%)
 
   54 (15.6%)
 293 (84.4%)
NS
Tumor size (cm) 0.9 ± 0.6 0.9 ± 0.6 NS
Multiplicity of tumor
   Within one lobe
   Throughout both lobes
 
  18 (10.8%)
  28 (16.8%)
 
   42 (12.1%)
 103 (29.7%)
0.002
Extrathyroidal tumor extension    67 (40.1%)  230 (66.5%) < 0.001
Coexistence of lymphocytic  
   thyroiditis 
  41 (24.6%)  124 (35.7%) 0.011
Lymph node metastasis 
   Central node metastasis
   Lateral node metastasis
  64 (38.3%)
  62 (37.1%)
  9 (5.4%)
 157 (45.2%)
 143 (41.2%)
   55 (15.9%)
NS
NS
< 0.001
Stage*
   I
   II
   III
   IV
 
  53 (47.3%)
0 (0%)
  56 (50.0%)
  3 (2.7%)
 
   44 (21.7%)
0 (0%)
 124 (61.1%)
   35 (17.2%)
< 0.001
*Analysis among the patients aged 45 yr or older (n = 315); NS, not significant.
Table 2. Relationships between tumor margin type and clinicopathologic factors in 
patients with papillary thyroid microcarcinoma (PTMCs) (N = 361)
Variables
E-type  
(n = 119)
I-type  
(n = 242)
P value
Age (yr) 50.7 ± 10.0 47.1 ± 10.6 0.003
Gender 
   Male
   Female
 
   21 (17.6%)
   98 (82.4%)
 
   34 (14.0%)
 208 (86.0%)
NS
Tumor size (cm) 0.6 ± 0.2 0.6 ± 0.2 NS
Multiplicity of tumor
   Within one lobe
   Throughout both lobes
 
   13 (10.9%)
   20 (16.8%)
 
   35 (14.5%)
   64 (26.5%)
0.015
Extrathyroidal tumor extension     42 (35.3%)  141 (58.5%) < 0.001
Coexistence of lymphocytic  
   thyroiditis
   30 (25.2%)    94 (38.8%) 0.010
Lymph node metastasis
   Central node metastasis
   Lateral node metastasis
   41 (34.5%)
   40 (33.6%)
   3 (2.5%)
   88 (36.4%)
   83 (34.3%)
 18 (7.4%)
NS
NS
NS
Stage*
   I
   II
   III
   IV
 
   43 (50.6%)
0 (0%)
   41 (48.2%)
   1 (1.2%)
 
   31 (21.4%)
0 (0%)
 103 (71.0%)
 11 (7.6%)
< 0.001
*Analysis among the PTMC patients aged 45 yr or older (n = 230); PTMC, papillary 
thyroid microcarcinoma; NS, not significant.
nificantly lower than that of patients with E-type tumors (P = 
0.009).
  Table 1 summarizes the relationships between the types of 
tumor margin and various clinicopathologic factors. The I-type 
margin was associated with significantly higher rates of tumor 
multiplicity (P = 0.002), extrathyroidal extension (P < 0.001), co-
existence of lymphocytic thyroiditis (P = 0.011), and metastasis 
to lateral neck lymph nodes (P < 0.001) than the E-type. The 
rate of metastasis to central neck lymph nodes was also higher 
among patients with I-type than with E-type (41.2% vs 37.1%), 
but the difference was not significant. 
  Among the 315 patients aged 45 yr or older, we found a sig-
nificant correlation between advanced stage and I-type mar-
gins (P < 0.001) (Table 1). Particularly, all of the 13 patients with 
T4 stage showed I-type tumor margins. Patients younger than 
45 yr (n = 199) were excluded from this analysis because all 
were in stage I regardless of their T and N status.
  Of our 514 patients, 361 were diagnosed with PTMC. Observ-
ing the correlation between clinical or pathologic factors, and 
margin types of the patients with PTMC, we found significantly 
higher rates of tumor multiplicity (P = 0.015), extrathyroidal ex-
tension (P < 0.001), and coexistence of lymphocytic thyroiditis 
(P = 0.010) in patients with I-type than with E-type PTMCs (Ta-
ble 2). The rate of metastasis to central or lateral neck lymph 
nodes was also higher in patients with I-type than with E-type 
PTMCs (36.4% vs 34.5%), but the difference was not significant. 
Among the 230 PTMC patients aged 45 yr or older, we also 
found a significant correlation between advanced stage and I-
type margins (P < 0.001) (Table 2).
DISCUSSION
Papillary thyroid carcinoma usually has an excellent prognosis, 
and may be evaluated using various scoring systems. However, 
5%-40% of PTC patients have persistent or recurrent disease, 
with progression and an unfavorable outcome (16, 17). Much 
effort has therefore been applied to identify and validate new 
prognostic criteria for PTC.
  Since the discovery that infiltrative margins indicate a poor 
prognosis in colorectal carcinoma, tumor margin histology has 
been interpreted to indicate tumor aggressiveness or invasive-
ness. Up to recently, the prognostic significance of this margin 
type has been approved from several studies in various malig-
nancies (18-22). Including this one, all studies classified the 
margin types into two categories, (expanding vs infiltrative 
type) despite of variety of primary tumor; and the criteria for 
margin classification were also not much different. We thought 
this categorization was also most suitable and objective in PTC 
and tried to determine clean and concrete criteria to classify 
margin types.  
  The significance of infiltrative margins in PTC was first re-
ported in 1998 (23). That study with 134 patients found a posi-
tive association of an infiltrative margin with regional lymph 
node metastasis of PTC, which suggests that this pattern indi-
cates aggressiveness. We found a strong correlation of the infil-
trative margin with unfavorable prognostic factors including 
tumor multiplicity, extrathyroidal extension and lymph node 
metastasis. This correlation held also in PTMCs.
  There were also some differences between two margin types 
in patient age and rate of acompanying lymphocytic thyroiditis. Kim K-J, et al.  •  Tumor Margin Histology in Papillary Thyroid Carcinoma
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We found a higher prevalence of coexistant lymphocytic thy-
roiditis in patients with I-type tumors than in those with the E-
type. In this condition, circulating antibodies to thyroglobulin 
may prevent tumor spread; however, the prognostic signifi-
cance of these antibodies, and of lymphocytic thyroiditis per se 
in PTC requires further study (7-11). And the mean age of pa-
tients with I-type tumor margins was lower than in those with 
the E-type (46.7 vs 49.4 yr). Although prognosis becomes less 
favorable with age, we did not assign importance to this result 
because 1) patients with both margin types were more than 45 
yr old, and 2) among the patients aged 45 yr or older, signifi-
cantly more of those with I-type than with E-type tumor mar-
gins showed advanced TNM stage (P < 0.001). Hence we con-
cluded that the age difference between these two groups lacked 
clinical significance.
  In this study, we tested only the statistical relationship be-
tween tumor margin patterns and prognostic factors previously 
reported in patients with PTC. To our regret, since these pat-
terns cannot be determined preoperatively, we cannot use 
them to plan the extent of surgery. However, the strong correla-
tions between tumor margin histology and prognostic factors 
may inform postoperative treatment. Future studies using larg-
er groups and longer follow-up period are needed to confirm 
these findings.
  Results from this study suggest that relationships between 
conventional risk factors and histologic patterns at tumor mar-
gins may be interpreted to predict tumor aggressiveness in pa-
tients with PTC. 
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AUTHOR SUMMARY
Tumor Margin Histology Predicts Tumor Aggressiveness in Papillary Thyroid 
Carcinoma: A Study of 514 Consecutive Patients 
Kuk-Jin Kim, Soon Won Hong, Yong Sang Lee, Bup-Woo Kim, Seung Chul Lee, Hang-Seok Chang, and Cheong Soo Park
Histologic patterns at tumor margins may be related to prognosis in several malignancies. We investigated tumor aggressiveness 
with respect to tumor margin histology in patients with papillary thyroid carcinoma (PTC). Five hundred fourteen patients who 
underwent surgery for primary PTC were assigned to two groups, one with an infiltrative pattern (I-type) at tumor margins and 
one with an expanding pattern (E-type). Tumor aggressiveness was assessed by analyzing relationships between these patterns and 
known prognostic factors. The analysis showed that unfavorable prognostic factors such as tumor multiplicity, extrathyroidal 
extension, lateral neck lymph node metastasis and advanced cancer stage were significantly more prevalent in patients with I-type 
PTC than in those with the E-type. Central neck node metastases were non-significantly more prevalent in the I-type patients. 
These results suggest that histologic patterns at tumor margins predict aggressiveness in PTC.